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Plates 2. Over the years since the Canal was opened, aquatic plants have been a constant maintenance problem in Gatun Lake. Although hyacinths are the most troublesome aquatic, the increasing spread of the rooted plant hydrilla, Hydrilla verticillata (Royle), seriously blocks many channels which are traversed to maintain navigational aids ( Figure 1 ).
In addition, the infestation of this plant has rendered many recreation areas unfit for use and has increased the threat of mosquito-transmitted diseases by providing breeding grounds for the insects. Spawn the fish in the Canal Zone, raise them to O.5-kg size, then stock them in the lake.
~'
Buy fingerling fish from commercial fish farms in the U. S., raise them to O.5-kg size, then stock them.
£. Buy O.5-kg fish in the U. S., transport them to the Canal Zone, then stock them.
After considering the three alternatives, the steering committee, with inputs from Mr. Bailey, decided that buying fingerling fish in the U. S.
and raising them to stocker size in the Canal Zone would be the least costly alternative and offered the greatest chance for success. 7. Several characteristics of Gatun Lake had to be determined first for input to the model. Much needed information was readily available, such as total area and average depth; however, a major un known was total submersed aquatic plant biomass. To determine this, the Panama Canal Company contracted with the Panamanian Government to aerially photograph the entire surface area of Gatun Lake using color infrared film. Submersed vegetation shows up very well on infrared film to approximately 5 ft* below the surface, and this procedure has been used successfully on other bodies of water in the past. The developed film of Gatun Lake was sent to WES to be analyzed. It was determined that there were 11,600 acres of submersed vegetation in the lake (Plate 2). In order to determine the vegetation biomass, representative samples were taken from seven sampling locations which had previously been selected. Three vegetation samples were taken from the surface at 2 each of the seven sites. A 0.5-m quadrant was laid on the surface, and the vegetation contained within was clipped 0.5 m below the surface.
The samples were then allowed to drain for 2 minutes to remove excess water and weighed to the nearest 0.1 lb. 8 . A basic assumption used in calculating the total biomass of hydrilla was that, in areas 5 ft and deeper, approximately 50 percent * A table of factors for converting U. S. customary units of measure ment to metric (SI) units is presented on page 3. 6 of the total hydrilla biomass would occur in the upper 0.5 m. This was based on unpublished data collected from a mechanical harvesting opera tion in Orange Lake, Florida, and reinforced by conversations with Dr. Bill Haller of the University of Florida. Assuming this relation ship, the hydrilla biomass was calculated to be 0.12 lb/ft 3 . At Gatun Lake's estimated average depth of 11 ft, this resulted in an average density of 29 tons/acre. 9. The biomass data and the other required parameters were used as input to the mouel with several different stocking rates for predic tions of biomass of hydr{lla and growth rate and mortality of the white mnur (Plates 3-5). 12. Meanwhile, the white amur steering committee was developing plans for providing the necessary facilities and logistical support for the fish during the grow-out period. Three areas of Gatun Lake were selected as grow-out ponds (Plate 6). The first, Lake Calamito, was a 20-ha backwater separated from Gatun by a railroad fill and connected to it by a 6-by 6-m concrete arched culvert, 36.5 m long. This pond was prepared by treatment with rotenone to kill predator fish species and by installing a 0.6-cm-square mesh screen structure over the end of the culvert to prevent white amur from escaping it. The screen also served to keep predator fish species out. The second and third ponds, 12 and 43 ha in area, respectively, were isolated from Gatun Lake by earthen embankments with screened, I-m-diam pipes through them to allow free passage of water and keep the white amur in and predators out. These ponds were also treated with the same rotenone concentration as the first. After the fish arrived, the truck was driven to Calamito Lake, the second largest of the three grow-out ponds, and the acclimation period was started in the transport tanks by mixing lake water at 28°c with the water in the tanks at 2°C ( c. Determine the effects of temperature and temperature change rates.on survival.
~.
Devise a procedure for tempering the fish in the second shipment successfully.
19. Seventeen tests were performed in which D.O., rate of tempera ture change, and the effect of salt (NaCl) and Quinaldine were studied.
Curves depicting parameter variations in the seventeen tests and the reactions of the fish are shown in Plates 7-11.
20. The first two of these tests involved the effects of rapid temperature changes and dissolved oxygen level changes on the fish.
Varying results were obtained in both tests. Two similar tests were con ducted to determine survival rates and stress action resulting from a R. The recuperation of stressed fish may be quickly lowering the water temperature 2 expedited by to 4°c.
h. Rotenone residues were apparently not present in the pond water during the first fish delivery; therefore, they were not a factor in the heavy losses experienced in the first shipment.
The Successful Second Delivery showed that the fish could be introduced into the tropical system with out the requirement of the expensive fish tempering facility used with the second shipment. One of the factors which swayed Panama Canal offi cials to try this method was that the contract specified that the fish had to be in the grow-out pond alive and healthy prior to their accept ance, which placed the responsibility for successful implantation di rectly on the contractor. In order to offset any loss that the con tractor might experience before the determination that there were 150,000 live fish in the lake, the contractor shipped an extra 27,000 fingerlings. Force Base. By 0730 that morning, the truck had arrived at the edge of Lake Calamito and was ready to discharge the fish into the lake. To test the ability of the fish to make the transition from the transport truck water at 21°C to the lake water of 28°c, approximately 30 fish were placed in a I_ft 3 wire enclosure in the lake and observed for more than half an hour ( Figure 7) . As the effect of the quinaldine wore off, the fish became more active but demonstrated no temperature shock. The fish were "shot" down a 4-in.-diarn pipe from the truck into a 3-by 3 by 1.5-m screened enclosure which was floated in the lake (Figure 8 ).
Discharging the fish into this enclosure enabled a determination to be made that the fish were well prior to their release into the lake.
Three such enclosures were used, each containing about 60,000 fish. As each enclosure was filled, it was towed out to a raft in the middle of the lake ( Figure 9 ) and another brought up to the bank to be filled.
After approximately 45 minutes, it was decided that the fish were com pletely acclimated to their new environment, and the cages were tipped up on end and the fish "herded" out into the lake. Less than 100 fish Lar/(e amounts of floating hydrilla stems from which the leaves had been stripped were beginning to collect near the dike, creating a cleaning problem at the screen over the pipe through the dike.
39. In mid-July, large schools of fish were observed swimming along the dike. One of them was successfully caught on 11 July in order to measure its weight and size. It weighed exactly 2 Ib and was 16 in.
long (Figure 10 ). At that point, a decision had to be made as to whether or not to release the fish into Gatun Lake or hold them in the grow-out ponds longer. In order to demonstrate their capabilities, it was de cided to keep them in the grow-out ponds until they had consumed all the hydri11a. anyway; however, nature did the job somewhat early and at no cost.
41. As of the writing of this report, the third shipment of fish has been in Lake Calamito for about 3 months. None of them has been sighted since their introduction, and there are no strong indications of feeding activity; however, it is expected that they will have con sumed the hydrilla in the pond by mid or late January. When that has been positively established, the fish will be released into Gatun Lake. 
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